Regional patterns of protein synthesis were examined in rat cortex made ischemic by the occlusion of the right common carotid and middle cerebral arteries. At 2 h of ischemia, proteins were pulse labeled with intra cortical injections of a mixture of pH]leucine, [3H]isoleu cine, and [3H]proline. Newly synthesized proteins were analyzed by two-dimensional gel flu orography, and the results correlated with local CBF, measured with [14C]io do antipyrine as tracer. Small blood flow reductions (CBF = 50-80 ml 100 g-l min-I) were accompanied by a modest inhibition in synthesis of many proteins and a marked increase in one protein (Mr 27,000). With further reduction in blood flow (CBF = 40 ml 100 g-l min-I), synthesis became limited to a small group of proteins (Mr 27,000, 34,000, 73,000, 79,000, and actin) including two new polypeptides (Mr 55,000 and 70,000). Severe isch emia (CBF = 15-25 ml 100 g-l min-I) caused the iso-
Eukaryotic cells subjected to environmental stress are known to alter their genomic priorities so that protein synthesis becomes restricted to a small number of proteins called "heat shock" or "stress" proteins (Ashburner and Bonner, 1979; Thomas et aI., 1981; Schlesinger et aI., 1982a, b) . This active cellular response may help to mitigate the ill effects of disturbed homeostasis and, in some experimental paradigms, endows the cells with re sistance against a variety of subsequent metabolic insults, including anoxia and hyperthermia (Loomis and Wheeler, 1980; Petersen and Mitchell, 1982;  electric modification of several proteins (Mr 44,000, 55,000, and 70,000) and induced synthesis of another pro tein (Mr 40,000). Two polypeptides (Mr 27,000 and 70,000) dominated residual protein synthesis in severe ischemia. The changes in protein synthesis induced by different grades of ischemia most likely comprise a variation of the so-called "heat shock" or "stress" response found in all eukaryotic cells subjected to adverse conditions. Since heat shock genes are known to confer partial protection against anoxia and a variety of other noxious insults, their induction may be a factor in limiting the extent of ischemic tissue damage. Key Words: Focal cerebral isch emia-Gene expression-Heat shock proteins-Io doantipyrine blood flow analysis-Stress proteins Two-dimensional polyacrylamide gel electrophoresis and fluorography.
SUbjeck and Sciandra, 1982; Velazquez and Lind quist, 1984) . Brain tissue injured by heat, metabolic poisons, or trauma also exhibits a stress response White, 1981, 1982; Brown, 1983; Cos grove and Brown, 1983; Pearce et aI., 1983) . These observations raise the possibility that nervous tissue may respond to ischemic conditions by synthesizing one or more of the stress proteins and thereby enhance its survival.
The present study examines whether stress pro teins are induced in cortex exposed to focal isch emia and compares local patterns of protein syn thesis with different grades of ischemia. Tw o-di mensional polyacrylamide gel electrophoresis (2D-PAG E) and fluorography were used in con junction with [l4C]iodoantipyrine blood flow mea surements to determine blood flow thresholds for the changes in protein synthesis.
MATERIALS AND METHODS

Preparative surgery
Five male Wistar rats (270-330 g) (Hilltop Farms) were used to examine CBF and protein synthesis. Following an overnight fast, animals were injected intraperitoneally with atropine (l mg/kg) and were then anesthetized with halothane (2-2.S%). The femoral artery was catheterized with a PE-SO polyethylene cannula for blood pressure monitoring and for sampling of blood.
In each animal, three burr holes (I-mm diameter) were drilled over the right cerebral hemisphere (S mm lateral to the midline and 0, 3, and 6 mm posterior from bregma) and a single burr hole was drilled over the left hemisphere (S mm lateral from the midline and 3 mm posterior from bregma) for subsequent intracortical injections with 3H_ amino acids. Through a paramedian cervical incision, the right external jugUlar vein was cannulated, and the right common carotid artery (CCA) was occluded with a 3-0 ligature. The right middle cerebral artery (MCA) was ex posed via a transtemporal route (Coyle, 1982; M. Kiessling et al., in preparation) . After removal of the masseter muscle, a 3-mm burr hole was drilled 2 mm ros tral and S mm ventral to the fusion point of the zygomatic arch with the squamosal skull bone. All drilling was done under a continuous, gentle flow of normal saline to pre vent heating of the underlying cortex.
The animals were then tracheotomized, paralyzed with an intramuscular injection of pancuronium bromide (0.2S mg kg-I), and mechanically ventilated with a gas mixture of 30% O2 and 70% N2• Halothane was reduced to O.S%, and the animals were allowed to stabilize over IS min. The dura overlying the MCA was pierced and the MCA ligated with 9-0 silk. Blood pressure was recorded con tinuously (Beckman R SII polygraph), blood gases and pH were serially measured (Corning IS8 pH/blood gas analyzer), and body temperature was kept constant using a rectal thermistor coupled to a heating lamp (Yellow Springs Instruments, Yellow Springs, OH, U.S.A.).
Radiolabeling cortical proteins
Cortical proteins were pulse labeled 2 h after combined MCA and CCA occlusion. This ischemic interval is just short of the 3-h threshold of focal cortical ischemia in thi s animal model necessary to cause focal infarction (M. Kiessling et at., in preparation) . The experimental strategy was to examine the complement of proteins made by brain cells subjected to sublethal periods of severe focal ischemia. Equal volumes of L-[3,4,S-3H(N)]leucine (specific activity 140.8 Ci mmol-I, 1 mCi ml-I), L-[ 4,VH(N)]isoleucine (specific activity 93.8 Ci mmol-l, 1 mCi ml-I), and L-[2,3,4,S-3H]proline (specific activity 108.8 Ci mmol-I, I mCi ml-I; New En gland Nuclear) were concentrated under a stream of ni trogen and resuspended in normal saline just prior to in tracortical injection (100 f.lCi f.ll-I final concentration). Two hours after MCA and CCA occlusion, I f.ll of the 3H-amino acid mixture was injected over 4 min at each burr hole, using a 30-gauge needle. Injections at all four neocortical sites were completed by 20 min and an addi tional 30 min was allowed for 3H-amino acid incorpora tion into protein.
Quantitative blood flow analysis
Cortical blood flow was measured by an indicator fractionation technique (Van Ditert and Levy, 1978) using [14C]iodoantipyrine as the blood flow marker. Thirty minutes after the last intracortical amino acid injection, 4-iodo-[N-methyl-14C]antipyrine (S4.S mCi/mmol; New England Nuclear) was injected as a bolus (SO f.lCi in 0.4 ml of normal saline) into the jugular vein cannula, while Vol. 6, No.3, 1986 tail artery blood was withdrawn into a syringe with a Harvard pump, The animals were decapitated S s after injection of the isotope, and simultaneously the tail artery cannula was severed. Brains were rapidly removed and immersed in Freon cooled with dry ice. The brains were allowed to cool to approximately -IYC and were then cut into I.S-to 2.S-mm-thick coronal sections. To detect microheterogeneity of CBF, alternate sections were fur ther sectioned (20 f.lm) in a cryostat ( -22°C) and exposed' to Kodak KB-S film for 7 days for qualitative 14C autora diography.
Cortical samples (2-6 mg) were dissected at -lSoC from coronal sections not processed for autoradiography. These frozen cortical samples were homogenized in 100 f.ll of lysis buffer containing 8 M ultrapure urea, 1% so dium dodecyl sulfate, SO mM dithiothreitol, and ampho lines 0.8% (pH 4-6), 0.8% (pH S-7), and 0.4% (pH 3-10) (LKB). Aliquots (10 f.ll) of this homogenate were dis solved in O,S ml of Protosol (New England Nuclear), 10 ml of To luene-Omnifluor (New England Nuclear) was added, and the samples were counted eH/14C double label channel) in a Searle Mark III scintillation counter. Radiometric quantitation of the 14C content allowed cal culation of CBF using the equation of Van Uitert and Levy (1978) for all cortical samples processed for protein 2D-PAGE fluorography.
Cortical samples taken within 2 mm of the 3H-amino acid injection sites frequently had a 3H/14C ratio much greater than 100. Usual methods for double-label counting of such samples would not accurately define the 3H spillover in the 14C channel. This problem was cir cumvented by first extracting [14C]iodoantipyrine from samples of the homogenate. Te n microliters of homoge nate was mixed with SO f.ll of 10% trichloroacetic acid (TCA) and 400 f.ll of chloroform. Similar treatment of known quantities of [14C]iodoantipyrine and 3H-amino acids mixed with unlabeled cortical homogenate showed the chloroform phase to contain 88% of the total 14C but only 2% of 3H (data not shown), permitting usual double label counting techniques.
2D-PAGE and fluorography
2D-PAGE was performed according to the method of O'Farrel (197S), as modified by Perry et al. (1983) . Pro teins in 10 f.ll of homogenate were precipitated and washed with 400 f.ll of 10% TCA before scintillation counting. Samples of homogenate containing SOO,OOO, 2S0,000, or 100,000 dpm of TCA-precipitable material (10-to SO-f.ll aliquots) were processed for 2D-PAGE. Gels were stained with Coomassie Blue, impregnated with En lightening (New England Nuclear), dried, and exposed to preflashed Kodak XAR S film (Bonner and Laskey, 1974; Laskey and Mills, 1975) . Exposure times were I.S, 2.S, and 4 months for samples containing SOO,OOO, 2S0,000, and 100,000 dpm, respectively. Molecular weight stan dards (BioRad) used in the second dimension included myosin (Mr 200,000), l3-galactosidase (Mr 116,000), phos phorylase B (Mr 92,SOO), bovine serum albumin (Mr 66,000), ovalbumin (Mr 4S,000), carbonic anhydrase (Mr 31,000), soybean trypsin inhibitor (Mr 21,SOO), and lyso zyme (Mr 14,000).
Statistical analysis
The Student t test for unpaired data was used for com paring blood flows in different regions of cortex. b Measurements taken at the start of cortical injections with 3H -amino acids.
c Measurements taken immediately prior to terminal blood flow study with [14Cliodoantipyrine.
RESULTS
Regional CBF
Arterial pressure, oxygen and carbon dioxide tension, and pH were unaffected by occluding the CCA and MCA ( Table I) . The intensity of ischemia varied among animals, but the topography was re producible and characterized by gradations of blood flow surrounding a focus of maximal isch emia ( Fig. I) . Blood flow to the paramedian neo cortex ipsilateral to the occlusions, although partly reduced, was not significantly different (p = 0.05) from that to the contralateral paramedian cortex. The ipsilateral MCA territory, by contrast, showed significant blood flow reductions when compared with the contralateral MCA (p < 0.005). Blood flow to the most ischemic regions ranged from � 25 to 50% of that of the corresponding regions in the contralateral neocortex. Measurement of CBF at the injection sites after correction for 3H contami nation (see Materials and Methods) revealed local
Left Hemisphere
CBF values that paralleled CBF in immediately ad jacent tissue where 3H contamination was negligi ble. 14C autoradiography qualitatively matched quantitative CBF changes in adjacent tissue (Fig. 2 ).
Ischemic modifications in protein synthesis
The pattern of protein synthesis from cortices with blood flow of >80 ml 100 g-l min-1 ( Fig. 3 ) revealed no major left-right differences and was taken to represent control protein synthesis. Subtle regional changes in the cortical proteins, however, may not have been detected. Although most pro teins could not be identified, the location and rela tive concentrations of some proteins were suffi ciently characteristic to permit their identification based on reported mobilities in similar 2D-PAG E systems (Wilson et aI., 1977; Strocchi et aI., 1981 Strocchi et aI., , 1982 Gilbert and Strocchi, 1983; Heydorn et aI., 1983; Lenstra and Bloemendal, 1983; Pearce et aI., 1983; Perry et aI., 1983) . Actin, tubulin, creatine kinase, and a major cellular protein, P73, are la beled (Fig. 3) , and by the Heydorn et al. classifica tion (1983) correspond to protein nos. 22, 13, 18, and 2, respectively. Other polypeptides of interest are prefixed with a "P" followed by their apparent molecular mass in kilodaltons (e.g., P34 for Mr 34,000).
Right Hemisphere
A small decrement in blood flow (CBF = 50-60 ml 100 g -I min -I) produced a striking increase in a protein with an apparent Mr of 27 ,000 and pI of 5.2-6.3 for its three to seven isoelectric variants (Fig. 4) . This polypeptide, P27, appeared faintly at higher blood flows (Fig. 3) . Most of the other pro teins showed partial inhibition in synthesis (e .g., tubulin, creatine kinase), but a few retained or even J Cereb Blood Flow Metab, Vol. 6. No.3. 1986 increased their relative synthesis (actin, P34, P73, P79). These changes, variably present with a CBF of 60-80 mll00 g-I min-1 (n = 5), became consis tent at 50-60 mll00 g-l min-1 (n = 4) ( Fig. 4 ). No other protein was observed to undergo increased synthesis commensurate with the amount of P27 generated, nor was there a selective dropout of a major protein. The Coomassie Blue-stained gels did not detect P27, and the most abundant proteins re mained indistinguishable from controls (Fig. 5) .
Further blood flow reduction (CBF = 40-50 ml 100 g -I min -I) brought about additional changes in the pattern of protein synthesis. While most pro teins failed to be synthesized, a small group under went preferential synthesis (Fig. 6 ). This group in cluded P27, P34, P73, P79, actin, and two new polypeptides, P55 (Mr 55,000, pI 5.4 and 5.6) and P70 (Mr 70,000, pI 6.2), that were not observed at higher blood flows. P70 occurred as one or two iso electric variants (arrows in Fig. 6 ). The Coomassie Blue-stained gels remained unchanged from con trol.
Profound, but incomplete, ischemia (CBF = 15-25 ml 100 g-I min-I) restricted protein syn thesis to a class of polypeptides that included actin, P27, P34, P55, P70, P73, P79, and a new protein of apparent Mr of 40,000 and pI of 5.0 (Fig. 7) . Other peptides were synthesized as well, but their pres ence was faint and inconsistently detected. When fluorographs were underexposed, P27 and P70 were visualized as the dominant proteins undergoing de novo synthesis (data not shown). Severe ischemia also brought about isoelectric charge modifications not seen at higher blood flows. This was most prominent for P70 (arrows in Fig. 7 ) and P55 (closed arrowheads in Fig. 7) . A protein with Mr of 44,000, and pI of 5.6 increased on the acidic side of actin as another decreased on the basic side (open arrowhead in Fig. 7 ). P44 may be an isomeric variant of actin (Marotta et aI., 1979) .
The Coomassie Blue-stained gels maintained a control pattern even with profound ischemia. The ischemic changes in the pattern of protein synthesis therefore did not significantly alter the composition of the most abundant cortical proteins.
The fluorographic patterns did not show changes dependent on the proximity of injection site, indi cating that needle trauma was not responsible for the observed changes in protein synthesis. Changes depended on residual blood flow and were similar, whether at the injection site or up to 5 mm away (i.e., overlapping boundaries between injection sites often contained sufficient 3H-protein for fluo rography, yet were relatively far removed from needle trauma). The pattern of cortical protein synthesis un dergoes major changes as a consequence of re duced blood flow in the MCA territory. The FIG. 4. Two-dimensional polyacrylamide gel electrophoresis fluorograph of pro teins from cortex with moderate reduc tion in blood flow (CBF = 50-60 ml 100 g-l min-1 ) (n = 4). Ischemia results in the increased synthesis of a protein (P27) and its multiple isoforms (arrows). Sev eral other proteins that undergo prefer ential synthesis include P73, P79 (Mr 79,000, pi 5.3), and P34 (Mr 34,000, pi 5.4). Other proteins, such as creatine kinase (CK) and l3-tubulin (T), become less dis tinct in the fluorographic map. Representative two-dimen sional polyacrylamide gel electro phoresis fluorograph demonstrating newly synthesized proteins in cortex with blood flow of >80 ml 100 g-l min-1 (n = 6). Ordinate and ab scissa are marked for molecular weight (MW) and isoelectric range (pi), respectively. In this and subse quent figures, creatine kinase (CK), actin (A), l3-tubulin (T), and a major cellular protein, P73 (Mr 73,000, pi 5.7), are identified to facilitate com parisons. Arrow points to a protein (P27) (Mr 27,000, pi 6.0) that will be come prominent with blood flow re duction.
changes occur rapidly and depend on the severity of local ischemia. Even small reductions in blood flow (CBF = 50-60 ml 100 g-I min -I) over 2 h cause a marked increase in the protein P27, while synthesis of many other polypeptides becomes par- • + tially inhibited. Slightly greater reductions (CBP = 40-50 ml 100 g-I min -I) induce additional pro teins, including a major new protein, P70, and a minor protein, P55. While most proteins fail to be synthesized (e.g., tubulin and creatine kinase), there are noteworthy exceptions (e.g., actin, P34, FIG. 6. Two-dimensional polyacrylamide gel electrophoresis fluorograph of proteins from cortex with CBF of 40 ml100 g-l min-1 (n = 5) . This level of blood flow reduction is char acterized by the induction of a major new pro tein, P70 (Mr 70,000, pI 6 . 1), that occurs as one or two isoelectric variants (arrows) . Isoelectric variants of a minor new protein, P55 (Mr 55,000, pi 5.4-5.6), are also seen just above ct-tubulin (arrowheads). As in Fig . 3 Fig. 4 . The same arrows as those in Fig. 4 P73, and P79). With severe ischemia (CBP = 15-25 ml 100 g-I min-I), preferential synthesis of select proteins is the rule, and P27 and P70 domi nate. Several proteins (most prominently P70) un dergo charge modification, and yet another new polypeptide, P40, is produced. These changes The above ischemia-induced changes most likely constitute a variation of the "stress" or "heat shock" response that all organisms exhibit fol lowing sublethal injury (Schlesinger et al., 1982b) . Following such injury, most messenger ribonucleic acid (mRNA) and protein syntheses stop, but a few species of mRNA are transcribed and translated to generate new proteins and to increase the amounts of several others (Asburner and Bonner, 1979; Schlesinger et al., 1982a,b) . In the present study, not only does protein synthesis become limited to a small number of proteins, but by fluorographic cri teria, P70, P73, and P79 appear identical to the stress proteins synthesized by brain and other tissues following trauma, hyperthermia, and meta bolic injury White, 1981, 1982; Pearce et al., 1983) .
The types of cells engaged in the ischemic stress response remain to be defined. There is, however, a striking resemblance in the pattern of protein syn thesis between severely ischemic cortex and in jured aortic smooth muscle with analogous poly peptides for P70, P73, P79, P55, P40, and actin (Hightower and White, 1982) . This similarity and the favorable proximity to limited arterial oxygen suggest that the vasculature is an important source of residual protein synthesis in regions of severe ischemia. This hypothesis is consistent with the tentative identification by 2D-PAG E criteria of P55 as vimentin, an intermediate filament synthesized by mesenchymal cells (Hightower and White, 1982; Lenstra and Bloemendal, 1983; Pearce et al., 1983) .
The generation of P27 has not been previously described for ischemic brain, and its identity is un certain. A class of 20-to 30-kilodalton stress pro teins is known (Kelley et aI., 1980; Kelley and Schlesinger, 1982; Schlesinger et al., 1982b) , and isoelectric variants resembling P27 have been re ported in a variety of stressed cells (Johnston et aI., 1980; Loomis and Wheeler, 1980; Atkinson and Pollock, 1982; Hickey and Weber, 1982; Kim et al., 1983 Kim et al., , 1984 . These proteins are variably induced, depending on the species (Voellmy et al., 1983) , the tissue (Kim et al., 1983) , the state of cellular differ entiation (Atkinson, 1981) , and the noxious agent (Kim et al., 1983 (Kim et al., , 1984 . In the rat and most other species, these polypeptides have been found con centrated in the nucleus and postulated to be part of the nucleoskeleton (Arrigo and Ahmad-Zadeh, 1981; Sinibaldi and Morris, 1981; Ingolia and Craig, 1982; Loomis and Wheeler, 1982; Kim et al., 1984) , but in the chicken, they have been localized to the cytoskeleton (Wang et al., 1981; Kelley and Schle singer, 1982; Welch et al., 1982) . In contrast to the other major stress proteins of 70 and 89 kilodaltons, interspecies cross-antigenicity is not a prominent feature of these proteins (Kelley and Schlesinger, 1982; Schlesinger et aI., 1982c) . [35 S]Methionine is poorly incorporated in some paradigms (Atkinson and Pollock, 1982; Hickey and Weber, 1982; Kim et aI., 1983 Kim et aI., , 1984 but readily in others (Kelley and Schlesinger, 1982) including P27 (unpublished ob servations). These observations demonstrate con siderable biochemical and physiologic heteroge neity among the lower molecular weight stress pro teins.
P27 could be an ischemic breakdown product unrelated to the stress response. However, fluoro graphs and Coomassie Blue-stained gels failed to show loss of a protein that could serve as the puta tive precursor. Since P27 is detected within 30 min of pulse labeling, synthesis and turnover of the pre cursor would have to be not only selective but un usually rapid under ischemic conditions that vary from mild to severe (CBF = 15-60 m] 100 g� 1 min � I). Such a pattern of pathological protein cata bolism, to our knowledge, lacks precedent, and we therefore favor the hypothesis that P27 is the end product of preferential protein synthesis and, by definition, a stress protein. The possibility that it could also be the subunit of a high molecular weight complex is not ruled out (Schlesinger et aI., 1982c) .
P70 most likely is a member of the evolutionarily highly conserved 68-to 70-kilodalton class of stress proteins, whose induction to a wide variety of noxious stimuli is the most consistent among dif ferent stress proteins (Schlesinger et aI., 1982b) . This group, like the other stress proteins, has been postulated to have a homeostatic function (Ash burner and Bonner, 1979; Schlesinger et al., 1982a,b) , protecting cells from thermal and meta bolic injury such as anoxia (Velazquez and Lind quist, 1984) . In rat brain, it appears rapidly after carotid occlusion (Currie and White, 1981) and fol lowing transient forebrain ischemia (G. Dienel et aI., submitted; M. Kiessling et a!., in preparation). P70 and other stress proteins are vigorously syn thesized by the brain microvasculature (White, 1980a (White, ,b,c, 1981b Inasi and Brown, 1982) but are also inducible in neurons and glia (Pearce et aI., 1983) .
The present study defines the ischemic threshold for P70 induction in rat cortex (40-50 ml 100 g� 1 min � I) and suggests another threshold (20-40 ml 100 g�1 min�l) for its increased synthesis and iso electric modification. Isoelectric variants of the 68-70K stress protein family have been reported (Currie and White, 1982; Hickey and Weber, 1982; Schlesinger et aI., 1982b; Welch and Feramisco, 1984) and are found following severe forebrain isch emia in the rat (G. Dienel et aI., submitted). Since J Cereb Blood Flmr Metab, Vol. 6, No.3, 1986 charge heterogeneity becomes more prominant as ischemia intensifies, different metabolic triggers or different cell popUlations may be responsible for P70's various isoforms. Their physiologic signifi cance is unknown. The increased prominence in P70 synthesis as CBF falls from 40 to 20 ml 100 g� 1 min � 1 may reflect increased injury of cortical tissue, since P70 levels may correlate with the de gree of stress experienced by the cell (Schlesinger et aI., 1982c) .
P73 is an abundant cellular constituent whose synthesis is preferentially maintained as circulation fails. It is readily visualized on all Coomassie Blue stained gels and fluorographs (designated protein no. 2 in Heydorn et al.'s 1983 classification) . Its synthesis is enhanced following heat shock, cad mium intoxication, and other metabolic stress (Currie and White, 1981; Hightower and White, 1981; White 1981a; Pearce et a!., 1983) . Peptide mapping has shown P73 to be genetically related to P70 (Hightower and White, 1981) . By 2D-PAG E criteria, P73 is identical ' to a microtubule-associated protein (Strocchi et aI., 1981 (Strocchi et aI., , 1982 ) whose mRNA from rat brain hybridizes to the Drosophila gene for the 70-kilodalton heat shock protein (Lim et aI., 1984) . A similar protein has been independently identified as a heat shock protein and named "thermin" (Wang et aI., 1981; Lenstra and Bloe mendal, 1983) . More recently, it has also been char acterized as the major acidic calmodulin-binding protein in rat brain tissue (Strocchi and Gilbert, 1985) . The available evidence suggests that P73 is involved in a cytoskeletal function regulated by cal cium and calmodulin. Why ischemic cortex should synthesize a microtubule-associated protein without tubulin is not clear. One possibility is that by binding calmodulin, P73 protects against the de leterious effects of high intracellular calcium, which, through its interaction with calmodulin (Manalan and Klee, 1984) , may be a major mediator of cell damage (Farber et al., 1981; Siesj6 and Wie loch, 1985) . In control cortex, P79 stains faintly with Coo massie Blue, is more readily seen with fluorog raphy, and under ischemic conditions is preferen tially synthesized. Its position on the fluorographic map corresponds to a "glucose-regulated protein" induced in mammalian cells following glucose de privation (Hightower and White, 1982; Pearce et aI., 1983; Welch et aI., 1983 ). Its precise role in car bohydrate metabolism has not been determined, and a similar protein is induced with prolonged an oxia (Sciandra et a!., 1984) and high influxes of Ca + 2 into the cell (Wu et aI., 1981; Welch et a!., 1983) .
P34 synthesis persists at all levels of ischemia. It is also prominent following transient forebrain isch emia in rats and differs from P70, P73, and P79 in being primarily associated with the particulate rather than the soluble cytosolic fraction (M. Kiessling et aI., in preparation) . This indicates that the ischemic stress response includes synthesis of at least one protein with a membrane function. Its 2D-PAG E fluorographic position closely resembles that of a 35-kilodalton membrane-specific protein that binds calmodulin (Hall et aI., 1984) , but little is known about this protein.
The synthesis of some proteins and not others dr aws attention to what may constitute important priorities in ischemic cellular metabolism. Certain stress proteins, for example, may modulate the re covery of Na + ,K + -ATPase activity following meta bolic injury (Burdon, 1982; Burdon and Cutmore, 1982) . Whether these stress proteins actually play a role in ischemic brain injury or its prevention re mains to be determined. One would expect, how ever, a so highly conserved response to be of fun damental importance, and as such probably essen tial to any injured cell's success at reestablishing homeostasis.
